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ABSTRACT: Desert buildings are exposed to clear sunny skies almost all year round. Solar rays penetrate into spaces 

creating a non-uniform daylight distribution and high solar heat gain; affecting both visual and thermal comfort. This 

paper addressed the usefulness of combing solar screens and light shelves for achievement of efficient daylight 

performance in a residential living room space. The objective was to harvest daylight while diffusing direct sun rays, 

thus, reducing artificial lighting and energy use. Simulations were conducted using the Diva-for-Rhino plug-in to 

interface Radiance and Daysim for the evaluation of annual Daylight Availability according to the minimum required 

illuminance value. The impact of combined design alternatives and techniques was tested for the purpose of 

increasing the “daylit” and reducing the “over lit” and "partially daylit" areas. Results showed significant 

improvements in daylight distribution in all orientations. In the North and South orientations, more than one 

combined design attained the highest value for "daylit" area, reaching95% and 85% in these orientations 

respectively. While in the East orientation, only one combination achieved this goal where a 67% "daylit" area was 

reached. Conclusions recommended alternative means of combining solar screens with light shelves for improvement 

of daylight distribution for each orientation. 
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INTRODUCTION  

The growing demands for healthier and more energy 

efficient buildings have increased the attention to 

provision of daylight in residential buildings. In desert 

dominated countries buildings are exposed to clear sunny 

skies almost all year round. Solar rays penetrate into 

spaces creating a non-uniform daylight distribution and 

high solar heat gain; affecting both visual and thermal 

comfort. Solar control systems such as solar screens 

could improve the performance daylight in the building 

interiors of these countries The objective is to harvest 

daylight while diffusing direct sun rays, thus, reducing 

artificial lighting and energy use. 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1: View of traditional Mashrabeya [1] 

 

One of the traditionally used solar control systems in 

the Middle-Eastern countries is the “solar screen; named 

“Mashrabeya” or “Rawshan” in Arabic (Fig. 1).  These 

were typically made of fixed perforated panels composed 

of a lattice of wooden cylinders or other shapes 

connected with wooden joints[2]. Other publications 

confirmed that external fixed shading devices, that were 

in a way similar in concept to these solar screens, 

improved daylight performance and provided excellent 

view in comparison with conventional venetian blinds 

[3]. Aljofi[4]demonstrated that “Rawshan” screens 

improved daylight distribution in certain tested spaces. 

The highest value of reflected light contribution was 

found in the central zone for all shapes of solar screen 

cells. The impact of seven shading devices on 

daylighting was investigated by Dubois,[5] using 

Radiance simulation at three specific times on three 

sunny days. Also Wong and Agustinus[6] discussed the 

effect of seven different types of external shading 

devices on daylight flow into building by using the 

Lightscape for daylighting simulations. Moreover, 

Alzoubi and Alzoubi[7] evaluated the effect of different 

types of solar shading devices on energy consumption for 

southern exposure facades. He estimated the energy 

consumption attributed to lighting spaces for three 

common positions of shading devices (vertical, 

horizontal and 45° tilted horizontal shade). The paper 



PLEA2012 - 28th Conference, Opportunities, Limits & Needs Towards an environmentally responsible architecture Lima, Perú 7-9 November 2012 

 

concluded that there is an optimal orientation for shading 

devices that keeps the internal illuminance level within 

acceptable range with minimum of solar heat gain.Claros 

and Soler[8]investigated the daylighting performance of 

light shelf materials using physical scale modeling. 

It is apparent that most of the related previous studies 

addressed different design aspects of shading and 

daylighting systems and their influence in controlling 

solar radiation and natural light potential indoors. Very 

little research addressed the combined effect of changing 

their parameters at the same time especially in clear sky 

desert environments.  

This paper aims at enhancing daylighting 

performance in a typical residential living room space 

through the integration of solar screens and light shelves. 

 

METHODOLOGY 

A base case, or a reference case, of a typical residential 

living room space was designed for experimentation. It 

had a perforated solar screen externally fixed in front of 

its window, as illustrated in figure (2). The values of 

screen parameters chosen for investigation in the base 

case were selected according to the results of previous 

publications that addressed each of these parameters 

independently. The window to wall ratio, and depth ratio 

were based on the results of papers by Sherif et al. 

[9].Table (1) summarizes the base case parameters. The 

study was conducted in Jeddah city (21°N-39°E), Saudi 

Arabia that represents clear-sky desert environment. 

Table 1: Detailed dimensions and parameters of the living 

room space (Base Case), Window and solar screen 

Indoor Space Parameters 

Floor level Zero level 

Dimensions (m) 4.30  * 5.20  * 3.00  

Internal Surfaces  

Walls 
Reflectance 

50% (Medium Colored Internal-walls Off-

White) 

Ceiling  Reflectance 80.0% (White Colored Ceiling) 

Floor  Reflectance 20.0% (Wooden Floor) 

Window Parameters North East/West South 

Window to Wall 

Ratio (WWR)  

Max. 28% 28% 24% 

Min. 16% 8% 8% 

Used (avg.) 22% 18% 16% 

Window (m) Width 1.80 1.60  1.40  

Sill - lintel  1.00 – 2.80 

Solar Screen Parameters 

Screen Module    (m) Width-Height-Depth 0.15-0.15—0.107 

Openings Aspect Ratio (H:V)-Rotation Angle 1:1- 0° 

Perforation Percentage- Depth Ratio 90% - 0.75 

Material Reflectance 50% 
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Plan  

Figure 2: "Base case" architectural drawings. 

Experimentation process 
Experimentation concentrated on the configuration of an 

externally fixed perforated solar screen and an externally 

fixed light shelf. 

For each of the four main orientations, daylight 

performance was simulated and analyzed through three 

consecutive stages (Fig. 3). In each stage, experiments 

were conducted for two cases. Case 1: the screen was 

vertical with no axial rotation (θ=zero); case 2: the screen 

was rotated into a specified angle (θ) around a specific 

axial rotation depending on orientation.  Accordingly, six 

alternative configurations were generated for each 

orientation as described in table (2). The stages areas 

follows: 

1. Change of the aspect ratio of solar screen openings 

(H:V):The aspect  ratio was increased in the horizontal 

direction in all orientations with the exception of the 

South.  

2. Addition of an external light shelf: A light shelf 

was added and externally extended by 1.00m. Its effect 

often combines shading and daylight-redirecting 

functions that could be improved by increasing ceiling 

reflectivity. 

3. Decrease of screen height and increase of internal 

ceiling reflectivity: The screen height was decreased to 

2/3 its height at the same time the internal ceiling was 

used as a reflector by increasing its reflectance to 90%. 

Experiments outcomes were compared to the base 

case situation, then, the results were interpreted and 

generalized to select the most efficient design.  

 

 

 
 

Figure 3: Experimentation process 
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Table 2: Description of the Alternatives generated for each 

orientation 

Stage experimentation 
No Screen 

rotation 

Screen 

rotation 

Change  aspect ratio of 

solar screen openings (H:V) 
Alternative 1 Alternative 2 

Add an external light shelf Alternative 3 Alternative 4 

Decrease screen height and 

increase internal ceiling 

reflectivity 

Alternative 5 Alternative 6 

 

Daylight Availability analysis 

Simulation was conducted using the Diva-for-Rhino, a 

plug-in for Rhinoceros modeling software. It was used to 

interface Radiance and Daysim for annual simulation and 

illuminance computation. The times of the year that 

represents the occupied daylit hours of the studied living 

room space were chosen from 8:00 AM until sunset time.  

The sunset time was determined for each day using the 

sunset calculator for Jeddah city [10]. The reference 

plane on which daylight performance was simulated 

contained 270 measuring points in a grid of 0.3m * 0.3m, 

at a working plane of height 1 m. Measurements that 

were found equal or higher than the recommended 

minimum illuminance value for a living room space of 

200 Lx [11] were considered “adequate”. Daylight 

Availability a Dynamic Daylight Performance Metric 

(DDPM) presents three evaluation criteria: “daylit” areas 

(the adequate areas), for spaces that receive at least half 

the time sufficient daylight compared to an outside point, 

“partially daylit” areas, which are below useful 

illuminance and “over lit” areas that provide warning 

when an oversupply of daylight (10 times target 

illuminance) is reached for at least 5% of the working 

year [12]. Several subcommittees were formed by the 

Illuminating Engineering Society of North America 

(IESNA) and the International Commission on 

Illumination (CIE) to define and make authoritative 

practice of DDPM [13].  At the time of conducting this 

research, the development of recommendations for 

DDPM criteria to evaluate daylighting performance was 

not present. Since this is an on-going development, 

analysis criteria for Daylight Availability adopted in this 

paper assumed that the designs that achieved equal or 

more than 50% “daylit” areas and at the same time 

minimum values for “over lit” and “partially daylit” 

areas were considered efficient. 

 

 

DAYLIGHT AVAILABILITY:  SIMULATION 

RESULTS 

Screen parameters values chosen for investigation were 

based on the results of previous publications as explained 

earlier. The screen opening aspect ratios (H:V) were 

based on the results of the paper by Sherif et al.[14]. The 

axial rotation angles (θ)were based on the results of the 

paper by Sabry et al. [15]. The following is a listing of 

the values adopted for these parameters in each 

orientation:  

 North orientation: H:V=18:1 - θ= 30˚ - rotation axis:  

horizontal bottom edge. 

 East orientation: H:V=18:1 - θ= 20˚ -  rotation axis:  

vertical  side edge 

 South orientation: H:V=1:1 - θ= 30˚- rotation axis:  

horizontal top edge. 

 

North orientation 

In the North orientation base case, the “daylit” area 

occupied only one-third of the space, while the other 

two-thirds were “partially daylit”. 

Increasing the aspect ratio of the screen opening in 

alternatives 1 and 2 enhanced performance significantly. 
In alternative 1, the “daylit” area reached 84% and the 

rest of the space was “partially daylit.”In alternative 2, 

when the screen was rotated, the “daylit” area reached 

85%, and the rest of the space was divided into 5% "over 

lit" and 9% “partially daylit.” Adding an external light 

shelf at the top edge of the screen in alternatives 3 and 4 

reduced daylight performance to some extent, where the 

“daylit” area became 79% and 68% in alt. 3 and 4 

respectively. In both cases the “over lit” area did not 

appear and the rest of the space was found to be 

“partially daylit.” Decreasing screen height to 2/3 and 

increasing ceiling reflectivity in alternatives 5 and 6 

improved performance. Both cases were more efficient 

than all other alternatives, having a “daylit” area of 95%. 

The rest of space area was divided into “over lit” and 

“partially daylit” in these cases. 

Accordingly, two design alternatives achieved the 

best performance in the North orientation. These were: 

Alternatives 5 and 6 (Fig. 4) and (Table 3). 
 

 

 
Figure 4: Daylight availability in the North orientation 

 

Base 

Case
Alt. 1 Alt. 2 Alt. 3 Alt. 4 Alt. 5 Alt. 6

Partialy daylit 64% 16% 9% 21% 32% 3% 4%

Overlit 0% 0% 5% 0% 0% 2% 1%

Daylit 36% 84% 85% 79% 68% 95% 95%
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East/West orientation 

The study was conducted for the East orientation since 

the East and West results were found almost similar as 

the sun path is symmetrical. 

In the base case of the East orientation, the “daylit” 

area was only 40% of the space. This is twice the area 

occupied by the “over lit” and “partially daylit” areas 

which reached 20% of the space. 

Changing the screen opening aspect ratio (H:V) to 

18:1 in alternative 1increased the “daylit” area to 58%. 

The “partially daylit” area was reduced to 10%, while the 

"over lit" area increased to 32%. When the screen was 

rotated at 20˚ around its vertical axis in alternative 2, the 

“partially daylit” area was significantly reduced to be 

only 2% of the space area. However the "over lit" area 

was nearly doubled when compared to the base case and 

reached 39% and the “daylit” area increased to 59%, to 

be almost similar to the 1st alternative. Adding a light 

shelf enhanced the overall performance. In alternative 3 

that had a fixed screen, the “daylit” area increased to 

reach 67% of the space. At the same time, the “partially 

daylit” area became only 5%, while the “over lit” area 

increased by only 8% in comparison with the base case.  

When adding the light shelf to a rotated screen in 

alternative 4, 2/3 of the space area was adequate, having 

a “daylit” area of 64% and the rest of the space (36%) 

was “over lit”.  

Performance deteriorated when screen height was 

decreased in alternatives 5 and 6. Although the “partially 

daylit” areas totally disappeared, the "over lit" areas were 

extensively increased to reach 43% of the space. This 

represents more than double the values of the base case. 

As for the “daylit” area, it occupied 57% of the space in 

these cases.  

 

As a general result, only one alternative achieved best 

performance in the East/West orientation. This was the 

3
rd

 design alternative (Fig. 5) and (Table 4). 

 

 
Figure 5: Daylight availability in the East/West orientation 

 

South Orientation 

In the South orientation, only five design alternatives 

were generated. Alternative 1, which encompasses 

changing the aspect ratio of the screen without rotating it, 

was not addressed. This was based on the results of 

previous publications that confirmed that this parameter 

is not effective in this orientation [15].  

Simulation results of the base case of this orientation 

showed that the performance was unsatisfactory: the 

“daylit” area was only 44%, the “partially daylit” area 

was  47%  and “over lit” area was 9%.  

When the screen was rotated by 30° in alternative 2, 

the “daylit" area increased by 66%. As a result, the 

“partially daylit” area was decreased to17%, while the 

“over lit” area increased by 17%.  

Base 
Case

Alt. 1 Alt. 2 Alt. 3 Alt. 4 Alt. 5 Alt. 6

Partialy daylit 40% 10% 2% 5% 0% 0% 0%

Overlit 20% 32% 39% 28% 36% 43% 43%

Daylit 40% 58% 59% 67% 64% 57% 57%
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Table 3:  North orientation design alternatives. Highlighted designs achieved best performance. 

North Base Case 

Alternatives 

1 2 3 4 5 6 

Variables 

 

  

 

  

 

S
o

la
r 

S
cr

ee
n

 

P
a

ra
m

et
er

s (H:V) 1:1 18:1 18:1 18:1 18:1 18:1 18:1 

Axial Rotation 

Angle / Position 
0 ° 0 ° 

30° 

Horizontal 
0° 

30° 

Horizontal 
0° 

30° 

Horizontal 

Height (m) 1.80 1.80 1.80 1.80 1.80 
1.20        (2/3 

Height) 

1.20       (2/3 

Height) 

External Light Shelf - - - √ √ √ √ 

Ceiling Reflectance (ρ) 

 
80% 80% 80% 80% 80% 90% 90% 



PLEA2012 - 28th Conference, Opportunities, Limits & Needs Towards an environmentally responsible architecture Lima, Perú 7-9 November 2012 

 

 

When a light shelf was introduced in alternative 3, the 

“over lit” area decreased to 5%, while half of the space 

area became “partially daylit” and the “daylit” area 

percentage remained almost similar to the base case. 

When the light shelf was introduced to the rotated screen 

in alternative 3the daylight performance improved 

significantly. The “partially daylit” area was reduced 

notably to reach 3% and the "over lit" and “daylit” areas 

were increased to 14% and 83% respectively. When 

reducing the screen height and increasing the internal 

ceiling reflectivity, the performance of the 4
th

 and 5
th

 

design alternatives was almost similar to the 3
rd

 one.  

Accordingly, the last three alternatives (3, 4 and 5) 

designs achieved the best performance in the Southern 

orientation (Fig. 6) and (Table 5).   
 
 

 
 
 

 
Figure 6: Daylight availability in the South orientation
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CONCLUSION 

This paper investigated the utilization of two combined 

techniques for the enhancement of year round daylight 

performance. These were: a solar screen and a light shelf. 

Seventeen design alternatives were generated. Their 

daylight performance was compared to a base case. 

More than one combined design achieved the largest 

“daylit” area among the generated alternatives, 

particularly in North and South orientations. While in the 

East/West orientation only one achieved this goal. It 

should be noted that in all these cases a light shelf was 

integrated. The recommended combined techniques for 

each orientation could be described as following: 

 North orientation: a 95% “daylit” area was achieved 

in two combined designs. Both had similar common 

features for the screen height and aspect ratio (2/3 

screen height, aspect ratio H:V=18:1). One of them 

had no axial rotation and the other one was rotated at 

its bottom horizontal axis by 30°. 

 East/West orientation: a 67% “daylit” area was 

achieved in the case of a full height solar screen with 

no axial rotation and an enlarged 18:1 opening 

aspect ratio. 

 South orientation: Three designs with 1:1 aspect 

ratio achieved almost the same highest value for the 

“daylit” area (85% as an average). The first one had 

a full height rotated screen (30° at its top horizontal 

axis). In the other two designs, the screen height was 

decreased to 2/3 its height, however one of them had 

no axial rotation and the other was rotated. 

 These results are very promising, where the “partially 

daylit” areas were almost totally eliminated and the 

“daylit” areas were significantly increased.  However, 

these notable improvements were generally accompanied 

by some increase of the “over lit” areas: from 20% and 

9% to become 28% and 17% of the spaces in the 

East/West and South orientations respectively. The 

overall enhancements resulting from these impressive 

achievements might result in increased heat gain and 

possibility of glare occurrence. However, these are not 

expected to be serious, since the “over lit” area was 

increased by only 8%. Further studies are planned to 

address these factors in detail in the future. 

As final note, this research demonstrated the 

usefulness combining several techniques in order to 

achieve better daylight performance. In this paper, the 

combined solar screen and light shelf configuration 

enhanced the daylight availability and distribution in the 

residential space of the desert building that enjoys clear 

sunny skies almost all year round. Generalization of 

these conclusions would be more reliable if they get 

supported by evidence of physical modeling. 
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